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(57) Abstract: A spin injection device capable of spin injection magnetization reverse with a small current density, a magnetic 
device using it, and a magnetic thin film used in these. The spin injection device (14) includes: a spin injection section (1) consisting 
of a spin polarization section (9) containing a fenxjmagnetic fixed layer (26) and a non-magnetic layer injection junction section (7)- 
and a fenx)magnetic free layer (27) arranged adjacent to die spin injection section (1). The non-magnetic layer (7) is composed of aii 
insulator (12) or a conductor (25). On the surface of the ferromagnetic free layer (27), a non-magnetic layer (28) is provided. Electric 
current is applied in the vertical direction to the film surface of the spin injection device (14) so as to reverse the magnetization of 
the ferromagnetic free layer (27). This invention can be applied to an ultra-giga bit large-capacity high-speed non-volatile MRAM 
and vanous other magnetic devices and magnetic memory devices. 
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m2 oit. Mfc^jft-sitWD® (a) mm^^mm^t. (b) x^-y^xm 

HI 2 Hi. C o 2 F e 0. s C r 0. 6 A 1 mm<Dxm^ifr^m^vtc^^m^7s<ir 

mz 2it. c o 2 F e 0. 5 c r 0. 5 A 1 mm<om.m.iz:isi-f^m'{t<W'^^^^i-m 
m2 Sit. mi 3 iiiTTsir h y^)mMim^mm'j'(Dim(Dmmi^^^^7rsi- 
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Xiz^^Vt^<t^^, b*^U. #)i]^(Dli^(c«k*^'^Vj:< t=62OTTni^ 
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xCST«$>-So |gI5^^:*5l^T, ^mm.m^z GTb^thm^^yv-mz i^mi'Tb^ 
aA^n-s fc. ^^;^fcr>«^ 1 7 u -® 2 7 (Dmit^^m^m^m 

2 6CDm{i:Ji5-9J;9{c:h;i.i5' i 8$-#;i-i,„ z<Dm. C o ^fctiC o-^2 7 
^Ru 2 8 co^®^^I*Jl^Tti, ^|gcxtr>«?*>il[<icSL (^) 

5lc:^-rJ:-9lc:. C ot.tzl.tC o^^Z 7 ^iRu 2 8 ©^M{^I4^l^TRM$nfc 
1 9 c o ^fcCiC o-^^ 2 7 (7)i^|p;6^*x t° WE#;6s*^#$tl 

'BH^ici^cj-ni^, ii©Ki^$n/c^^x tr>m^ 1 9 h^m^y u -jg 2 7 

|5i^(7)h;u^ 1 8' dtitJiJ:*). lll?6g(c:^m'l47U-jf 2 7(^>l^;i/ 

iz^^. Humz 8*^f>Co*/cli:Co^^2 7#J(3m? ^^At"^ ^i^X 

f>m^«c o ^fctic o-a-^ 2 7 ^ R u 2 8 ®i^Mi?Riif$n. ii.^^x tr>m 

^/■c^t*^*c o ^fccic o^^i)-^i^t^;hmm^y U -M 2 7 n:?iA$n> cicD/>ic 
Xfc:'>«^;6N*5tiS^'[47y-®2 7CDXtr>tch;i.i?^#;t, -^CDXfV^&ISIDlnl 

1 7 
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7.k^'ynj-iz^^ ^;^^A^mu ^m^yv-mz 7(Dxt:>imm^mmM 

tmfj:^(Dit^ ^mm2 8±iz^i^iz^m^m^m2 9^m^xi.^^j^iz$>;i, 
^„ ^^x.^Mm^yv-M2 7jsLzmmkm^2 9it^ svafscd^^iz 

izit^ ±Bm 3 <Dmimm(DX t-v^^iAT^/NV X l 4 tltl^^tj:. C o ^/ctiC o 

^±^-ht^^^m^y^)-m2 7<Dmti.t^ wm!m^2 ^<Dmittn\^m 
znizMi^x. m^(D\^^^Miz^;tfzm^^m7 ^mmi.xmmi-4>o m? 

^m-&.mmm 2 9 <h^m^±y y -m 2 7 *^'^±A$n§ t . tr>^ 
^ 3 7 ^<^mmmm 2 9 ^ r ujs 2 s (Dnmx^M<m^n^ mm&y v -m 
2 7 -^immLfj:\.\ ;L<Dm.. cottzitco^±2 7(Dmmt^x\^yim7bm 
^^ti^mmizmimit^ <my^\=:ym^3 9i>t^^^^[mi,.a^x^m\^yv 

-m2 7{3iiJ^U ^mi^yV-m2 7(D;z.\i'>mi^^^^i.zhJVC7 S 

Ltzi^^x. ^mis^yv-m2 7om<m^ ^m'm^z e timmf 

I 8 



wo 2004/055906 



'CT/JP2003/01S888 



©Xfci'>$-@^LTXt:°>v±AL. SyAF 3 (^f^ 0 y -® 2 

7 . ^-14® 2 8 . mmmnm 2 9 {3:fei>T. y 2 7 ofls-ft^^ 

» 2 7 ©^{h;Rfe/6N^^c: ^ i:, K^m'\m 2 1 ^SMI^S^ 2 6 ^ h 

-^^mt^mmm 1 2 iigtiss'iii^ v-mzi t ^^t^mm^it. c p pm© h >^ 

AF 3 5Mttll3 2 :5L(>'^g»l4» 3 4 ;6^^,y^i:^@^)g 3 1 mmms 
3T*h>;^;l/^L/cg|H{KteXt°Vh>^;l/i#^ (MTJ) ^^3 6T«^oT. 

z(DUT J 3 6 iz^m'imx^^y y -M^mKte$-^'&/-c«)ODx tr>^;4 
ASP 1 ^^i;iTv^^„ x trv^Agp 1 «?4Ail^^«r h >4^;ui^njtg^d;^jl 
1 2 (cL/i:^)(7)-efe^o 

d^J: -9 T^cCX trvaAam^arni. 3£?^14Ji 2 3 t-^t^mm 1 2 ^^LTS 
yAF 3 {cXfvaA-r-Sii. Z.<DSy KV Z(Dmitis^K^ir^o Cit^SyAF 

3 -e^-s 7 y ~jgo?ga'fi:*^' t x« i t-^feur®^ 3 i oa^k t 

. eic^xtr>>^A?^m^a3 O Ci. ct O/h^T^jiM^^ET-x tr>^±A(cj;i>7 y 

±i3Xt.'>aA?8S^M{c:*5i,^T, SyAF3^> mA\Z7h\^tz.mzmmM 

1 9 



wo 2004/055906 



'CT/JP2003/015888 



?^^g{3*5«,^T, syAF3>. meiz7rshrzm4m.mmm(Dyi.\:i'>^±xr/^ 

^cC^^tMT^i^'^XtiM-^ c CD S y A F lzMlt^i-^U^(D:^ t°>?±A$p-^7~ 

Anxf i t J; 0 . MRAM^x bv^Aig^^y ^ vmmcom^mt-r^ ^ 

i*<-et^„ cc-e. ^y-MtiSyAFw^fciti, ^m't^yv~m2 7Rz^$¥ 

13. ?3Ste^04 «|R4 2±{c:. ^i^lc^^i^^TC o ^ Fe^ Cr Al^ 
^4 3^12i§LT^,^^„ ClCl-e, O^x^lT*^^. C o 2 F e x C r ,-x A 1 
^1^ 4 3 ^iST^StfiS'ti-efe 0 . «m^Jn;^;6N' 1 9 0 // Q • c migJgT*^ 0 , 

S^=£-jDM-r'S»ei^nj:< L 2 , , B2. A 2i^5t(Z)Mn5&^— oCDjp^t^;^ 
LTV>^o ±l3Co2 Fex Cr,-x A1^J^4 3 ^iHISLfcS=|g^;fjp|^1-^ ^1 

Xb°>^^^^(D:;^^t^L2, ^^tcDCo^ Fe, Cr Al^]^4 3 ;6^* 
t#^n^-n\ c:jit% »^S4 2±(DCo2 Fex Cr.-x Amjl4 3 ODJ^ 

m&mimA 5 1*. m 9 <Dm^mm4 1 (Z)1i^t^c^H^T. $ ^,(c«;|K4 2 ^ c o 2 

FexCr,-xAl 0 ^ 1 ) ^1^4 3 t^rslt^/N'-y 7T-]i4 4 

*^'^A$tlT^,^^o ^•^''y'7T-^4 4^JfA-r^c:f^. mm4 2±0[)Co2 F 

2 0 



wo 2004/055906 ^»CT/JP2003/015888 

exCr,-xAl dzx^ O^x^l) 3(Dmm^^^ihlz^<ir4>Z 

±mmimm4 1,45 izm^^^mmA 2 it^ mm^ts i . ^^x^^c ^ro^^ 

a^B. MgO. AI2 O3 > GaAs/^^c^m^B^H^^l>'SCt;&^'7?^^„ ^fz^ 
^^yyr-mi 4 tLXit^ Al, Cu, Cr. Fe, Nb. Ni, Ta. Ni 
F eUt^^m^^^Ztij^r-^^. ±BCoz Fe. C r Al (iicit?. 0^ 
1 ) S(Dmmit^ 1 nm}^±X-l //mOTT-^ntf J:l\ :i(3DJ§lil;6^* 

1 nm^m-CHt^M^lz^^irS L 2 , , B 2 , A 2 ^^tc!){5rn>6^— oOi^^t^ 

02 Fex cr,-x Al (id-t?. o^x^i) (Dmm^m^mmmi-^mx- 

m^zTTsi-mmt. he c (^;D3t^i&?) (Dmm^mm^os^ (^^m 

i(-e2f^) ©^^t?:^^LTV^^„ Co2 Fex Cn-x AI(5DL2, 
Tti. mi l<Z)Ia)^^g^cFe^lC^J^»^*mm^L.TFex Cr,-x (iIiIT% 
O^x^l) tnC'S.fc^fciBiE^n. IIOifemtcAU III tim^mzcot^ 
SBS^n-So Sfc, Coz Fex C r i-x A 1 CDB 2 ^?t{o*5^,^T{±. m 1 1 CD 

Fe^Cr®^itli. Fex C r ,-x ClJlT'. O^x^l) 
•^{iiiBa^n'&o C02 Fex C r ,-x A 1 <7)A 2«3glc*5l,^T{±, C 

o. Fe. CT^J^XJPAlA^:^mmizmm\^fzm)ttU^o HO^m. Fe^iCr 
O^J:fc«> Fex Cr,-x (z.z.x-^ o^x^l) tti^ izmU^H^o 

±tm^<Dm!\mm4 1, 4 Bcomm.mikn^m.m'r^o 

±mmf^(DC 02 Fex Cri-xAl (eic:T% O^x^l) ^04 3 M. 

m^~r:>(Dmm<Dc o 2 f e x c r ,-x a i ^{^*^*^#^,n'S>o *fc. ±iaitj5gcD 

C02 Fex Cr,-x A1^04 3 O^x^l) tifliJ¥>6^'ifnm?iJK 

•So 

2 1 
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^Cir% Coa Fex Cr,-, Al (^ClTv O^x^l) mm(^B2mmi 

mt^^(o^tL2^ mTtxHi^ cr (Fe) t A I mj-^mmmmmvx 
^^<h*^'-et^„ ttz^ 0. 8^x^i. oxitA2m^m^ibn4>o ttz.m 

2 , ^fc«B 2mMi)m^ti4>. 
±UM}?^(Dm!&MB: 4 1. 4 5 7 ^ ;B^t ^m.B.^izBM h t)^\z. 

^^-■7^^;^6tI^:#;t^c^;6^*T'^^o «e^jmo^M(-Co. Fe^ C r .-x A 

1 ( 0 ^ X ^ 1 ) ^M4 3 -^mmmt x^xm^^. mmmcDmiso^mmmi^T. 

t°>5a^@^>5N*0 . 5 (DC o F e-^^?:fflv^T h >;^;U5KM*Stn;^m^^^fFiab 
/c^m. 1 0 0%^m'i>:^§?^j:TMR^t#/c„ einti (l) 5C*^<S>#^t. C 

02 Fe, Cr,-x Al (O^x^l) WWiA 3 P = 0 . 7 J^±CDX t'>:$3' 

. Co2 Fex Cr,-x Al (O^x^l) ^1^4 3 t^i^^f^y^ ^y^mm^k^ 

\.x\.^>t>z.h(D\^mz^ m^xi^ 2 , , B 2 . A2mM(Dnnt'^—^(Dmm.m^ 

z.ti\z^\)mm^i 1. 4 5tc:J;ti{f. W^^1}mt^'Smm^<. Co2 
Fex Cr,-x Al (O^x^l) ^1^4 3 ti^ 1 nmli^±(DJl^T*3t?iS'l4##>& 
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ar^^'T-^-Sc ttz^ mimmi l , 4 5iJ. 2^^0HcDXb->^^±AT*/NVx 1 4. 

1 6icffli,^^^?^^^t^2 1 tmm^mmmz 6tcufj:t-(D^^^mm2 5 

jt-^. ^SifiS'lM 2 1 2 6 ^ h >^;b^qrtg^a:^^ 1 2 

•to 

^OirW^-^s-rilltr^^o lEIl 2{ih>;^;;Ui^MgJit5^^^^CD:^^;^,L.TO 

-So c:co0(^:TN-rj;-9(::. h 5 0 ti. ^J^(f, «;K4 2 

±(-C0 2 Fex Cr,-, Al (O^x^l) ^^4 3)6^*iBiS$n. hly^jUM 

tfji^m^m^ 1. mm^5 2. ^^mi^s STbmdmm^titzmM^^L 

K^mim^ sit. 5i^l'tM5 2(D7.b:>^mm^-^^. mm. 

i-x Al (o^x^i) ^j^4 3%yv-m. ^Tmm^ 2^tL'>mtm^o t 
tc. ^mimB 2 It. mmmmtmm(Dmm^(D\,^-rnT-i>^^\ mmms i {£: 

tiA 1 2 O3 ^A 1 (DM^mx^^^A 1 Ox ^. 5 4 izltC o F e . N 

i F e. C o F e ^iN i F e tcDm^W^if^. R'^m&m 5 3 

^ 5 0 (DK^mfm 5 3 o±{^ci, $ e>(c{^^i:ni:^i^?gS'i4(5Dm®i 5 4 

2 3 
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mi Alt. ^mmzm^m 2 ^^^jf^^t^ J:^att^M^ffl^,^fc:?t^m^^^^s!J^ 
'¥-r-^^h>:^)mmim^mm'P6 oit. mm4 2±izy^yy7-m4 4 tc 

o^FexCr.-xAl ( 0 ^ I) mj^4 3 TbW^^ti. h^^JUMtfJ:^ 
mmms l Co* Fe, Cr A1 (O^x^ 1) ^1^5 6 ^^im'&. 

So mi 4Ami 3(Dmmtm^j:S(Dit. mi 3<D\i°>mtusmimm5 
> ^mno:>m'Bmm-^'^sco2 Fe. cr,-x ai (o^x^n mms 
fflv^fc/^-t?^^„ m(Dm^i.tmi 3^iwii;t*^^„ 

hy^Ji^mM^mbmrn^S 0 , 55. e Oii:«EE<^;&D;i-S^{i. C02 F 
ex Cn-x Al (O^x^l) m^4 3 tfcit/-<'>^ y r-M 4 4 tmmmB 4 

!L^x\ _ti3 h y^^jumM^mbmm^ 50,55. e 0 izm^^smm4 2 « 

. fmitS ifyXfj:if<D0i^^n. MgO. Al ^ O3 . GaAsf^ifoym^ 
BX$>-^XJ^\,\ ^fz. /N*'y7T-»4 4{3(i. Al. Gu. Cr, Fe. Nb 
. Ni, Ta. N iF ef^t'^m^^SZtTb^X^S^ ±tEC o ^ Fe, C r 
Al (O^x^l) mm4 3(Dmmitlnmi^A±Xl umi^ATX^ni.t^\,\ H 
(Dmm*^ 1 nm7^^-e{*^g6^(c:L 2 , . B 2 . A 2:Pf3t<^^nj5>— 



2.4 
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3, ^ 2^m\^^. -i5izi,tKmmm^ z^mmi^^ jmhtz-immz 2 (t- 

$nfci^{3{±, ffe^(^5t?^/|4iS-t?7y-M-^^*^Co2 Fex Cr.-x Al ( 

>*n^ini(3@^$n-S(^-e. yy-Jl-e*^Co2 f c r a 1 (o ^ 

02 Fex Cr,-x Al (O^x^l) ^04 3 -e^-Sfci^tcx t.°>:^;(^^;6^*:^ 

^i^c *^H^o h ^^^)vmmsmi^m'^(^ 50,55 cotmr{±^s 

<nj:'So Z.(D^^ 7U-^-efe-5Co2 Fe, Cr,-x Al (O^x^l 
5 5{i. MRAM7^j;^f£«;^J-t?(^SS^bMfe^i^^^t■^^^8g^T'/^'-1'xm^ 

-So 

b v^;HE^m*£tn:^m^^ 6 0 $ h\z^ tr>|p (T^^t^l^Jl 5 6 ^> 7 y -IS 
-efe^?»l4©Co2 FexCr,-xAl(0^xSl) ^J^4 Zt.m\^Coz 
Fex Cr,-x Al (O^x^l) ^ffll^T^,^^OT% ±iH ( 1 ) ^O^j^m*"^^ 

•to ^1 5ti. :^^^BJ^-#^B3 0^i&fe?^M^::J:^m^4^Jgi^ffl^,^/^:a»^gm^l 

2 5 
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Fex Cr,-, Al (O^x^ 1 ) WmA S^WB^tl. ^^^MM 6 I 

1 5 (D^±mm.^tfc^^m^ 7 0 tm^ji^(Di,t^ ^m^6 2 tmmm 5 At<D 

$^{3. MgO, Ala O3 , GaAs^^,l:^•(7)^M^Srffl^.^^^:t;6^' 
T«#-l»o /<'y7T-M4 4i:LT. Al, Cu, Cr. Fe, Nb. Ni 

. Ta, ni¥ Qt^}£^my^^^z.tt^x^^^ ^m^±mm^ itx^x^t^ cu 
, A\t^E^m\>^^z.tt^x^^. -ttz^ mmm^ ziibrticoFe. ni 

Fe. C02 Fex Cn-.Al (O^x^l) ^l^n^^(3D^n*^— 

tiitil rMn)^tt'5rfflv>^di:*N*T-t^„ ±fHC o 2 F e x C r A 1 ( 0 ^ 
1 ) mmA ^(Dmmit^ l nm&.±.X\ um\>XTX-^ti\.t^\,\ ei(3DJIii¥;6^' 
1 nniTt^^^Tni^Kfi^tzL 2 , . B2. A 2i^?t(D^n*>— 0(3D:^^t:&t#^®j6>* 

2 6 
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0. 7 bit. p^y^y^m.Mm^. ^~ifm.-ex3>^, MBEWj:t^a:>m 
^^^no)mmm^m\>-^fzm%mm^m=¥--^^^^i<m%mm^m=!'7 0 

«9@^$nT*?0. ^gpai^^epj&D-r^Clit?. ■7y-^r«$»^Co2 Fe, c 

r,-x Ai (o^x^i) nmA z<Dx\f:ymmmmzii^m'7tKmi(o^ 

mizti.;^^ ±|BCo2 Fex Cr Al (O^x^ 1) ^1^4 StiXt-V^g-i^ 
3 J; ^ G M R (^ffiT t? # ^ , 

'p^^. mtLx. ^h\z^^i^-^Km.vxn%^^^t. mi. (in t^^^^ 

2 7 
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(IV) ^m-c^m (V) tx-(Dmmm<t7bmihH^o 
im (V) (D^^^mm^isi^^x. ^m^e 2 tyv-mr^&^cot Pe, c 

r,-x Al (O^x^l) mm4: 3<^)Xtl•>36^*^^f mM (iWrHt^ti 

cci-e, mmmmitm^t. mmn^emi^t^it^. Tie (4) ^xm^n 
mm&ijim<tm= (m:k(Dmfi-mfi^(^m.m /m.'b<^mji (%) (4) 

■ ^tz. ^^m(Dm%m.ijmMmi^x:^^cppm^(oGMRmi'iz^\.^xii. 

GMR;6^*;^^^,^(7)T^ /^- Kt"^ X ^lEitj^a (HDD) -^MRAM^^j: ifODSS^ 

2 8 
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■7r;^^^>x/^•.y^$^^$'ffl^^T. mMitS i«^(3Ta ( 2 nm) u 
(2 Onm) / I rMn ( 1 0 nm) /C o 90 F e . o (5nm) /Cu (6nm 
) /CoaoFe.o (2. 5 nm) /Ru (0. 4 5 nm) /C u (5nm) XT 
a (2nm) <£•illg^c:x/^•'y L/io 

^mt^^^o I r MnmRzJ'C o 90F e , o®{±> ^ti^^H. ^'^M'^kM 2 1 

C o C o 9 0 F e , oRZJi^R u ti^fi® 7 ® C u±{i:iBsS L/iSlij^tt^ U - 

0X100 nm^ -e^xS, 
0 1 8 1 b'v^AT'/NV X 1 4 CDX tr>^A?^<t:M 

2 6^<Dm^^lE-^{^tLfzt^(Dy^t:ymXr^U 7.m^ (mA) 
CD^^SJI^Hti, 5 OOe (:ii;UXx'y K) T*S»-S, (1^1 8CDA#M) o 

^:;6^*^:6^^„ $e>{c:, 2 0 mA* -eiiiiDLT^> iio{m*n;^M;5>'(^it$ti 

TV>'Si <^;6^*53^;6^-^> (gl 1 8 0B~C#M) o 

m^un-r^ mi 8©c~d#m) , 'tti&i±<Dn.mm,^muT^tmxm^ 
u^miztjiio^ m^tK^-t^ztti^^-fy^ih mi 8oe~f#m) o ^(Dm<tK 
uizmi-^m^mmt. 2. 4x 1 0^ A/cm^ -e^o. m^-t^uMmizh: 

2 9 
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'^j&i-^imm(D:^ ^'^^^mmizisif^mMmttmvi&Tbmihtitz, 

vr^hD>x/N'-y^^$-ffl(,>T. ^M^kS i«^_h(cTa ( 2 nm) //Cu 
(2 0nm) / I rMn (1 0 nm) /CogoFeio (5niii) /Cu (6nm 
) /CosoFe.o (2. 5nin) /Ru (6nm) /CosoFe.o (5nm) / 
Cu (5nm) /Ta (2nin) S:]I|M{iix/N*«y ^ L/c„ 

^m-e^^o I rMnJi:^z/C 0 9oF e .oiSCi. -^ti^^n. R^titS-ffiS 2 I 

C o-^^OC OsoF e ,0. Ru. C o 90F e ,oti> •^■n^n> ^-(^7 OC u 
_h{3iHi9:Lfc^18^tt7y-^2 7, ^ttjp2 8. mimmz 9-??^^o 

2 ®x fv^^AT'^N'-f ;^ 1 6 t^mmm l ox t°>?±AT'/^'i' X 1 4 
nc^tDli, Co9oFe,o2 7Ji©Ru2 8 ©MJ1[=& 0 . 4 5 nm/6><^ 6 nmiiJ¥ 
< L/-cei^i, !tm'IM2 9 <i:LTMJ¥5nm©Co9oFe,o®2 9 ^igttfcil 

trnVIS^-^^ mi-^-^Xiin O O x l O O nm* oxtrva 

11 1 9 2 (Dx t.-v^^AT'/NV X 1 6 <7Dx e:>^aA?E'fb 

^fe?r^-rig]T*^'i.o i2ii3*5VNT, mmit^ 3^att-7 y -jf 2 7*>t>giiaM^ 

JP2 6^(^)«gfS^IE:;^|nIiiLfci:t©xfV^AT'/NVxm^ (mA) 

l-fz^mmmt^ 1 5 OOe-e^^. TO^^BH^>*^;^j:J:•9^c. ^^J2CDXt: 
>v±At^/nV X 1 6 1 ox trvaAT'/N'^' X 1 4 tlliaiJ:«gSt*>'±*^ 

0. 2mAX-mKiimt\^^mitKm^^mir^:Lht'i^t^^^ ^(DmitK^z 

3 0 
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m-t^m^mmti x i o" A^cm' tta^tz. Hi&fe^ji^i^i/ 
2 Attj:*)^ '^■t^kmm<om 1X2 0 o-c$>^. ttz^ mM^mmi %t* 
feo. m^i-^tmmc^mnmifi (mr) tmumTbrn^ntc^ z(Dj^diz^ ^ 

lljffe^J3 

hn>x/N°>y^^^ffl(,NT. MMYkS iSIS±{cCu (1 0 0 nm) / 
Ni Fe (3nm) / 1 t Un (1 0 nm) /CosoFeio ( 3 nm) ^S-^-ffF 
lau/co <^{-eiOltO±(;:l?$ 3 nm<Z)S i O2 ^X/N'-viJ^L, $^{c-e(3D±{3 
C O90F e 10 ( 1 nm) /Ru (0. 4 5 nm) /C o 90 F e 1 0 ( 1 . 5 nm) 
/S i O. (3nm) ?rX/N°>y ^ UfCo Ji^P^ltil.i: LT. Co^oFe.o 

(10nm)/'IrMn(10 nm) /T a ( 5 nm) ^^L/Co 

z<D^(Dmm^mmmM^mmm^m^^xm^f:i^^. coaoFe.o cinm 

) /Ru (0. 4 5 nm) /C o 90F e , 0 ( 1 . 5 nm) ItS i O2 i+itJ:— Mff 

> )vmm.x-$> ^z.h o /c:„ z. (DmB.\z.-M LT . ±T® c u ^ T a mmiz. 

;^0. lmAT'^trC©^t)f:g-|g^|iJLfc. CtltiC o 90F e ,0 ( 1 nm) / 
Ru (0. 4 5 nm) /C 090F e ,0 ( 1 . 5 nm) S y A¥ omit^Ulz^o 

T M R (D^mz xtr Ad J; -o Tim^tma L^fzzh ^mm U 

(Jtg^^J) 

^-Bo -r^Jt^^.. ^Jfe^lJ 1 ©Xtr>t±AT'/NVX 1 4 {Cfe%^TRuil(D7^J:l^^t^t 
tX^X^ ^MbS iSmilcTa (2nm) /Cu (2 0 nm) / I rMn (1 
Onm) /CosoFeio ( 5 nm) /Cu (6nm) /CosoFeio (2. 5n 

3 1 
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m) /'Cu .(5nm)/Ta (2nm) ^MiZyt^/^y ^ Vtzo m^^m^Mlt 
mi^:^^-^. M=^-^'<X^ 3 0 0 X 1 0 Onm* tLtZo 

^A^*0 m2 0 (a) ®G#M) 7^)^t)X-^'-7•bT«!l^b7to 2 0 (a) 
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